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_______________________________________________________________________________________ 
Abstract: This study was carried out with the objective  to find the ground water quality for the samples of south 
Karaikal and Nagapattinam. Ground water samples were collected from 14 wells located in this area and was 
analyzed for major ion concentration. The spatial variations of the ion concentrations have been studied. The 
suitability of water has been tested for different purposes specially for irrigation by groundwater by calculating 
the values of SAR, RSC & %NA. The Hill piper and Durov plots have been obtained to check the hardness of 
water.From overall analysis, it was observed that there was a slight fluctuation in the physico-chemical 
parameters among the water samples studied. Comparison of the physico-chemical parameters of the water 
sample with WHO and IS limits showed that the groundwater is not suitable for drinking purpose in the study 
area with few exceptions.  
Keywords: physico-chemical parameters, spatial variation maps, Hill piper, Durov plots. 
__________________________________________________________________________________________ 
 
I. Introduction 
 Water resources are mainly divided into, surface water sources and sub surface water sources. All water that 
occurs naturally below the Earth’s surface is called subsurface water, whether it occurs in the saturated or 
unsaturated zones. Ground water referred to without further specification is commonly understood to mean 
water occupying all the voids with in a geologic stratum. This saturated zone is to be distinguished from an 
unsaturated, or aeration zone where voids are filled with water and air. 
The objectives of the present study is to carry out a preliminary investigation of the ground water quality in 
south Karaikal and Nagapattinam and to demarcate the regions where the ground water is suitable or unsuitable 
for both domestic and agricultural purpose based on geochemical and GIS approach. An attempt has been made 
to study the behavior of water level in south karaikal and south nagapattinam. For this purpose water level data 
of CGWB was collected.  
II.  STUDY AREA   
 The study area south karaikal & nagapattinam is situated towards the east coast of India (Fig.1). The study area 
is part of the Toposheet number- 58 N/13, 58 N/14 and covers an area of 1082 sqkm. The study area has a plain 
terrain of alluvial soil consisting of sand, slit & clay. The rivers in the study area are the main branches of 
Cauvery below grand anicut are the kodmurutti, arasalar, virasolanar and the vikramanar. Vettar, the tributaries 
of river Cauvery are the major water bodies around the area.  
Since the districts are underlained by sedimentary formations the major landforms that occur are natural levee 
near  mayiladuthurai. Coastal plain covers almost the entire district with beaches. Beach ridges, mud flats, 
swamps and back water along the coastal stretch. The delta plains are found near the confluence of river 
kollidam with sea in the east and also in the south. Flood plain deposits are observed along the river courses. 
Being situated on east coast, coastal geomorphological units like sand dunes, tidal inlet, spit bars, coastal beach 
with swamps and marshes are common. 
 
Figure 1: Location Map of study area 
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III. GEOLOGY   
  The region is underlain by formations of quaternary to recent. Ground water occurs in these formations under 
water table and confined condition.  The ground water is extracted by filter point wells, tube wells, shallow bore 
wells, and infiltration wells especially in the sandy aquifers. 
  The aquifers are represented by sand, gravel, and clay. The aquifer is more clayley towards east and south 
eastern part of the district except the coastal stretch where the beach and sand occur. 
The east of the study area is fluvial and the north-western part is fluvio marine. 
The alluvial formations of fluvial origin occupy a major part of the Region. In addition, coastal sands and 
aeolian sands occur along the coast on the east. The Alluvium mainly consists of clays and sands. The alluvial 
thickness ranges between 26m in the west to 43m in the east of which sands constitute 40 – 90% of the total 
thickness of the alluvium. A prominent granular zone ranging in thickness between 9m in the west to about 40m 
in the east occurs beneath a clay bed. There is a general increase in clay content towards east that is the coast 
wards occurring as lenses. 
 
IV. METHODOLOGY  
  Fourteen samples of the study area have been collected and analysed.(Fig.1). All the anions, cations along with 
TDS, TH, EC were estimated. Spatial variation maps have been generated.  Piper and Durov diagrams have 
been generated.Chemical concentration  of groundwater like Ca, Mg, Cl, HCO3, CO3, Na, K, SO4, NO3, EC, 
Ph have been obtained in ppm (Table 1 ) and the same has been estimated in epm (Table 2).  
   
Figure 2: well location map.          
 
 
 
Table 1: chemical constituents of the study area 
  
 
 
 
SN
Sodium 
(Na+)
Potassium 
(K+)
Calcium 
(Ca++)
Magnesium 
(Mg++)
Chloride 
(Cl)
Bicarbonate 
(HCo3)
Carbonate 
(Co3)
Sulphate 
(So4)
Nitrate 
(No3)
Fluoride (F) Total 
hardness as 
CaCo3 EC PH
1 64 67 96 18 142 275 12 38 58 0.12 315 1070 8.3
2 598 19 52 51 922 317 30 0 0 0 340 3200 8.35
3 585 14 24 19.2 140 244 30 0 0 0 140 2215 9
4 313 125 192 63 525 592 0 173 206 0.16 741 3000 8.1
5 71 6.7 108 13 104 342 18 19 2.8 0.21 325 940 8.4
6 355 5 8 10 390 439 0 4 0.517 0.7 60 1845 8.2
7 193 78 44 57 273 317 0 96 136 0.13 345 1750 8
8 414 4.7 8 7.3 358 464 24 19 3 0.24 50 1970 8.5
9 280 3 5 3 248 311 15 3 0.411 0.528 25 1380 8.34
10 268 6 12 4.8 191.4 317.2 9 88 0 0 50 1290 8.3
11 304 6.2 14 4.8 272.9 317.2 9 58 0 0 55 1440 8.4
12 234 4.6 10 8.4 163.1 414.8 0 10 0 0 60 1150 8.2
Max 598 125 192 63 922 592 30 173 206 0.7 741 3200 9
Min 64 3 5 3 104 244 0 0 0 0 25 940 8
Avg 306.5833 28.26667 47.75 21.625 310.7833 362.5167 12.25 42.33333 33.894 0.174 208.8333 1770.833 8.340833
Stdev 168.1668 39.73037 57.3603 22.04929 227.8877 97.50325 11.40275 53.11965 67.77479 0.226449 213.3434 729.6663 0.24938
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Table 2: chemical constituents (epm) & SAR, RSC & %Na 
 
 
 
 
SPATIAL VARIATION MAPS: 
 
Figure 3: Ca map           Figure 4: Cl map 
  
 
Figure 5: Co3 map          Figure 6: HCo3 map         Figure 7: Mg map       Figure 8: K map 
S. 
No
Location Month/Ye
ar
PH EC Total 
hardne
ss as 
CaCo3
Calcium 
(Ca++)
Magnesiu
m (Mg++)
Sodium 
(Na+)
Potassium 
(K+)
Carbonate 
(Co3)
Bicarbona
te (HCo3)
Chloride 
(Cl)
Sulphate 
(So4)
SAR RSA %NA
1 Kilvalur 10°47'00'';79°45'00''8.3 1070 315 4.7904 1.4796 2.784 16.32 0.3996 4.51 1.0754 0.7904 1.183856 -1.3604 75.28967
2 vedaranniyam10°21'00'';79°51'45''8.35 3200 340 2.5948 4.1922 26.013 152.49 0.999 5.1988 5.5468 4.0768 12.01054 -0.5892 96.33709
3 Pratapara
mapuram
10°40'30";
79°49'30"                
9 2215
140 1.1976 1.57824 25.4475 149.175 0.999 4.0016 2.2923 1.6848 18.05414 2.22476 98.43525
4 Nagappatinam10°50'32'';79°49'30''8.1 3000 741 9.5808 5.1786 13.6155 79.815 0 9.7088 4.8959 3.5984 3.902892 -5.0506 86.35788
5 Tagattur 10°24'30'';79°41'00''8.4 940 325 5.3892 1.0686 3.0885 18.105 0.5994 5.6088 0.5377 0.3952 1.268991 -0.2496 76.64558
6 Melvanjur
e                                
10°49'45";
79°49'45" 
8.2 1845
60 0.3992 0.822 15.4425 90.525 0 7.1996 0.1132 0.0832 17.15622 5.9784 98.8607
7 Velanganni10°41'30'';79°51'30''8 1750 345 2.1956 4.6854 8.3955 49.215 0 5.1988 2.7168 1.9968 3.940941 -1.6822 89.33038
8 Tevur 10°43'00'';79°44'00''8.5 1910 50 0.3992 0.60006 18.009 105.57 0.7992 7.6096 0.5377 0.3952 21.53672 7.40954 99.19789
9 Valmanga
lam                               
10°52'30";79°48'30"    8.34 1380
25 0.2495 0.2466 12.18 71.4 0.4995 5.1004 0.0849 0.0624 19.94846 5.1038 99.40994
10 Sellur 10°55'03'';79°46'20''  8.3 1290 50 0.5988 0.39456 11.658 68.34 0.2997 5.20208 2.4904 1.8304 13.06609 4.50842 98.7735
11 Sorakudi 10°56'21'';79°46'27''8.4 1440 55 0.6986 0.39456 13.224 77.52 0.2997 5.20208 1.6414 1.2064 13.97134 4.40862 98.80968
12 Sethur 10°56'14'';79°44'12''8.2 1150 60 0.499 0.69048 10.179 59.67 0 6.80272 0.283 0.208 11.07828 5.61324 98.32558
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      Figure 9: Na map Figure 10: pH map 
 
Figure 11: SO4, TH maps, Piper & Durov diagram 
 
 
Figure 12: SAR, RSC & %NA maps 
  
V. Results and Discussion   
  Chemical concentration of groundwater like Ca, Mg, Cl, HCO3, CO3, Na, K, SO4, NO3, EC, Ph have been 
obtained (Table 1&2). The iso-concentration map of Calcium (fig 2) shows that a small portion towards south is 
high in Calcium. The south-western part, Calcium is medium and remaining portion is very low.The chloride 
map (fig 3) indicates that in the south-east part of the study area Chloride is high. It is low in the western part, 
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and the remaining portion is medium. From the Carbonate map(fig 4) it is clear that southern part and some 
portion in the central area CO3 is high. Northern portion shows low and remaining part is medium. 
The iso-concentration map of HCO3 (fig 5) shows that almost whole area is rich in HCO3 and some portion in 
the north is low and medium. 
From the iso-concentration map (fig 9) it shows that Ph is high in north and south portion of the study area and 
it is moderate around the central portion. It is low in some part of area. 
The potassium map (fig 7) shows that the central part and south-east part of the study area is high in potassium. 
North-western and south-western part has low potassium and the remaining portion is moderate. The iso-
concentration map shows that Magnesium (fig 6)  is high in south-eastern part and some portion in north-east. It 
is low towards western part of the study area. From the iso-concentration map (fig 8)  it is clear that Na is high 
in the south-east portion. It is low in the south-west and north-west of the study area and medium in the 
remaining parts. Ph map (fig 9)  shows that Ph is high in north and south portion of the study area and it is 
moderate around  the central portion. It is low in some part of area. From the iso-concentration map of SO4 (fig 
10) it shows that southern area is high in SO4, and almost it is low in remaining area except some area is 
medium.The iso-concentration map of total hardness(fig 10)  shows that it is high in the north of the study area, 
and low in almost whole area. The Hill Piper Diagram (Piper,1994) is one way of comparing quality of water . 
The Hill piper and Durov plots(fig 10)  indicates the presence of mixture of both temporary and permanent 
hardness of water.From the piper diagram in the figure it shows that all the samples falls in the second group. Its 
constituent is sodium bicarbonate {Na, K, -CO3, HCO3}. The four groups have been further classified into nine 
groups. In that the samples fall in 7
th
 & 8
th
 groups. It indicates that Non-Carbonate alkali exceeds 50% i.e 
chemical properties are dominated by alkalies and strong acids that ocean water and many brine plot near the 
right hand vertex of the sub area. Carbonate alkali exceeds 50%. Here the plot of water which are in ordinarily 
soft in properties to their content of dissolved solids. 
SODIUM ABSORPTION RATIO (SAR): Sodium hazard is expressed as sodium adsorption ratio (SAR). The SAR is 
calculated from the ratio of sodium to calcium and magnesium. Water condition is divided into Excellent, Good 
and Fair according to the SAR values.In the SAR map (fig 11) it is observed that, the south-west part of the 
study area (Tagattur) shows Sodium Absorption Ratio is below 10epm, in which water condition is excellent. In 
the northern part of Tevur, Prataparamapuram, Melvanjiyur, Sorakudi and Valamangalam are showing fair 
condition. The remaining part of Vedaraniyam  shows good condition of water. 
 RESIDUAL SODIUM CARBONATE (RSC): RSC gives an account of calcium and magnesium in the water sample as 
compared to carbonate and bicarbonate ions (Eaton, 1950).In the study area, southern part of Tagattur & 
Vedaranyam, and in the north of Velanganni & Kilvelur shows safe in the classification of water. And in the 
central part of the area – Prataparamapuram shows marginal. The remaining areas Tevur, Sellur, Sorakudi, & 
Sethur shows unsuitable condition from the RSC map (fig 10).   
PERCENTAGE OF SODIUM (%NA): 
In the percentage of sodium map (fig 11) ,  it is observed that the water condition is 
unsuitable for irrigation in major portion of the study area. The western side of areas around Tagattur and 
Kilvelur also shows doubtful condition of water. It indicates that permeability of the soil in the majority of the 
area is very less and causes water logging.  
 
S. 
No 
Location SAR RSC %NA 
1 Kilvalur 1.183856 -1.3604 75.28967 
2 Vedaranniyam 12.01054 -0.5892 96.33709 
3 Prataparamapuram 
18.05414 2.22476 98.43525 
4 Nagappatinam 3.902892 -5.0506 86.35788 
5 Tagattur 1.268991 -0.2496 76.64558 
6 Melvanjure                                 17.15622 5.9784 98.8607 
7 Velanganni 3.940941 -1.6822 89.33038 
8 Tevur 21.53672 7.40954 99.19789 
9 Valmangalam                                
19.94846 5.1038 99.40994 
10 Sellur 13.06609 4.50842 98.7735 
11 Sorakudi 13.97134 4.40862 98.80968 
12 Sethur 11.07828 5.61324 98.32558 
 
VI.  Conclusion   
Ground water samples were collected from 14 wells analyzed for major ion concentration. The spatial variation 
in the concentration of EC, Mg, Cl, So4, Na, K, Co3, Hco3, pH, TH, SAR, & RSC in ground water of this 
region using GIS. The pH indicates water is alkaline in nature and it is beyond the permissible limit (WHO, 1984).  
The total hardness is within the permissible limit in all the wells except well no. 4 (Tagattur).  The nitrate is 
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exceeding the permissible limit in well no. 1(Kilvalur) and 4(Tagattur) and may be attributed to the paddy 
cultivation with high usage of fertilizers. All the other ions are well within the permissible limit. Water is not 
suitable for drinking purpose in the study area with few exceptions. The values of SAR, RSC & %NA are 
indicative of non-suitability of Groundwater for irrigation purpose. The Hill piper and Durov plots indicates the 
presence of mixture of both temporary and permanent hardness of water. 
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